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ABSTRACT

Background/Purpose: Femoroacetabular impingement Syndrome (FAIS) and the often-associated acetab-
ular labral tears (ALTS) are challenging to treat and consensus to guide effective management is lacking.
Recent guidelines suggest physical therapy is beneficial, yet the guidance for specific interventions is
unclear. The purpose of highlighting these cases was to describe the outcomes and the clinical reasoning
process driving conservative management of subjects with FAIS and ALTs that were deemed surgical
candidates.

Study Design: Case Series

Case Descriptions: Six subjects (20 - 65 years old) with confirmed FAIS and/or ALTs were included. Sub-
jects were assigned to different treatment pathways based on their individual presentation. Three subjects
were categorized as having primary mobility impairments and three were categorized with primary neuro-
muscular control impairments. Treatment intensity was adjusted according to the individual nature of
symptoms, and on average lasted 81 days.

Outcomes: Clinically important improvements were seen on all self-reported outcome measures (Interna-
tional Hip Outcome Tool - 33, Numeric Pain Rating Scale, Patient Specific Functional Scale, and Global
Rating of Change). At two years, none of the subjects had elected surgical management.

Discussion: These cases illustrate the clinical reasoning process utilized to prioritize subjects’ treatment
along a continuum of neuromuscular control and mobility. The treatment approach also illustrates suc-
cessful management of potential surgical candidates that elected to forego surgery after satisfactory com-
pletion of conservative management.

Level of Evidence: Level 4

Key Words: Clinical reasoning, femoroacetabular impingement syndrome, hip pain, mobility, neuromus-
cular control, physical therapy
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BACKGROUND AND PURPOSE
Femoroacetabular impingement Syndrome (FAIS) is
a movement disorder of the hip resulting in aberrant
contact between the femur and acetabulum.! This
often co-exists with acetabular labral tears (ALTS),
and their clinical presentations continue to chal-
lenge healthcare providers.? Evidence for preemi-
nent interventions is lacking and diagnostic criteria
remain elusive.'” This is demonstrated by the aver-
age cost to diagnose FAIS ($2,456 USD) over a typical
timeframe of one to three years after hip symptoms
first occur.*® Despite inconclusive evidence for opti-
mal interventions with proven long-term benefit,
surgical rates for FAIS are rising.®!* Similarly, evi-
dence is emerging to support successful outcomes
with non-surgical management.'*'® The majority of
studies to date reflect short-term outcomes with lit-
tle understanding regarding the downstream effects
of treatment choices. The goal of treatment for FAIS
is to ameliorate symptoms and prevent progression
of intra-articular joint disease.*”-%152°

Recent guidelines have been published to help opti-
mize management of FAIS and ALTs."'3* The guide-
line authors appropriately recognized that evidence
to guide optimal management is lacking, but still
recommend a conservative-first approach. Although
physical therapy is increasingly being recom-
mended,"?'** guidelines regarding optimal physical
therapy interventions remain ambiguous."'® Vari-
ous treatment approaches exist, but a clear rationale
for treatment selection is lacking.'*'”'® The scope
of evidence is broad, often contradictory, and var-
ies regarding the importance of range of motion
(ROM), strength, neuromuscular control, and func-
tional movement in regard to the development of
symptomatic FAIS and ALTs.”'>2*2% This variability
likely represents the wide range of morphological
and movement related abnormalities contributing to
FAIS and ALTS (Figure 1).>%%% This may suggest that
a multifarious population exists, amenable to various
treatment approaches.'*16-1822233031 Thyg outcomes
are likely optimized when treatment is individual-
ized. This requires thorough clinical examination
and sound reasoning in order to guide the treatment
plan and is based on addressing neuromuscular con-
trol and mobility deficits that align with a proposed
treatment process (Table 1).'920:222332 The purpose

of highlighting these cases was to describe the out-
comes and the clinical reasoning process driving
conservative management of subjects with FAIS and
ALTS that were deemed surgical candidates.

Clinical Setting, Cohort Selection, and

Objective Examination Components

Surgical candidates between the ages of 18-65 with
a diagnosis of FAIS or ALIs were prospectively
recruited from a multidisciplinary hospital institu-
tion between October of 2014 and December of 2015
(Figure 2). Institutional review board approval was
received from Gundersen Clinic, Ltd. (#2-14-11-001)
and subjects provided consent prior to the collec-
tion of data. Six subjects from the ages of 20 to 65
agreed to participate in this case series. Diagnosis
was confirmed through the presence of: anterior hip
or groin pain, symptoms reproduced with hip flex-
ion and FADIR test, positive radiographic signs, and
greater than 50% relief of symptoms after intra-artic-
ular injection.'? Subjects were excluded if their hip
symptoms were reproduced with lumbar segmental
movement, had pending litigation, were involved
in a workmen’s compensation case, were pregnant,
had prior surgery on the involved hip, were unable
to give informed consent or speak, read or write in
English, and had already undergone a prior super-
vised regimen of physical therapy for this condition
in the prior six months.

Baseline demographics were recorded (Table 2),
and all subjects completed the Medical Screen-
ing Questionnaire (MSQ), International Hip Out-
come Tool - 33 (IHOT-33),** pain body diagram,***
Numeric Pain Rating Scale (NPRS),*® Patient Specific
Functional Scale (PSFS),*” and Pain Catastrophizing
Scale at baseline (PCS) (Table 3).***° These outcome
measures, with the addition of the Global Rating of
Change (GROC), were also reassessed at six weeks
or discharge, and six months.*-#?

An individualized examination and evaluation was
performed to determine appropriateness for conser-
vative management, study eligibility, and categoriza-
tion of patient along a treatment continuum (Table
4). Required examination elements included clear-
ing the lumbar spine (lumbar motion and mobility
assessment),**** sacroiliac provocation tests,* assess-
ment of neurodynamic mobility and functional
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Figure 1. A proposed cycle of FAIS and ALTs

Abbreviations: FAIS - Femoral Acetabular Impingement Syndrome; ALTS — Acetabular Labral Tears

movement screening (multi-segmental flexion,
extension, and rotation).* Kinesthetic awareness
was assessed with single limb balance tests (eyes
open and closed),”* dynamic functional control
was assessed with dynamic single limb balance test,
double leg squat test (bubble goniometer was used

to measure tibial and femoral angles),***° and the lat-
eral step-down test.™

ROM was measured with a universal goniometer
in supine for hip flexion, and in both supine (hip
flexed to 90 degrees) and prone (0 degrees hip
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Table 1. Description of treatment algorithm used in the study.

Examination and Evaluation Components

Appropriate for PT evaluation and
intervention

Component One-
Medical Screening
Appropriate for PT evaluation and
intervention with consultation of
another medical provider

Component Two-

Not appropriate for PT evaluation
& intervention requiring
consultation with healthcare
provider

Differential evaluation of clinical findings according to body function and the associated pathology
Intra-Articular Pathology Clinical Findings:

o Anterior hip or Groin
o Positive FADIR test

o Symptoms with hip flexion
o >50% relief w/Intra-articular injection
o Imaging consistent with Femeroacetabular impingement and/or labral pathology

Component Three-

Diagnosis of tissue Irritability level and match with appropriate dosage of examination and interventions.
Low: Low pain with activity (NPRS <3/10) relieved as fast as aggravated. Higher level activities aggravate. Low

disability levels: IHOT-33 >65%

Moderate: Moderate pain (NPRS 4-7/10) that lingers longer than aggravation time. Moderate level activities
aggravate. Moderate disability levels: IHOT-33~64-36%
Severe: Significant pain (NPRS >8/10) and difficulty to relieve symptoms. Low level activities such as ADL’s
aggravate. High disability levels: IHOT-33 <35%

Component Four-

Interventions strategies to address clinical findings of restriction in joint, soft tissue, and/or pain

Joint
Lack of Mobility

Interventions:
Low to high grade joint
mobilizations (Accessory &
Physiological)
e  Lumbopelvic Rotation C/R &

thrust mobilization
e Long Axis Hip Traction/Thrust
e Lateral Distraction MWM
e AP Mobilization
e PA Mobilization

Self-Mobilizations:

e Anterior hip: % Stand Hip
extension mobilization

e  Posterior hip: Seated or
standing piriformis
mobilization

e  Medial hip: Prone Figure 4

Lack of Neuromuscular Control

Interventions:

Kinesthetic awareness:

e % kneeling balance EO wide to
narrow stance-> EC>
Dynamic arm movements

e SL balance EO->EC-> Dynamic
arm and leg movements—>
Star reach

Soft Tissue
Lack of Extensibility

Interventions:
Instrumented assisted and hands
on soft tissue mobilization to
specific structures
e  Posterior Lumbopelvic

Complex
e Lateral Hip/Thigh Complex
e  Anterior Hip/Thigh Complex
e  Medial Hip/Thigh complex

Contract-relax AROM-> stretching
e Anterior: % Stand quad

e  Posterior: Piriformis

e Lateral: Side lying Ober’s

e  Medial: Prone Figure 4

Self-Mobilizations:

e Foamrolling

e Self-massage

e Self-contract-relax stretching

Lack of Neuromuscular Control

Interventions:

Muscle Activation-> Endurance-»

Strength-> Power

e Therapist applied assistance—>
Resistance function

e Isometric-> Eccentric>
Concentric contractions

Pain
Nociceptive
Interventions:
Therapeutic neuroscience
education

PRICE principles

Joint Motion/Pain free movement
e PROM->AAROM->AROM

Low Grade soft tissue and joint
mobilizations
e Same as previous

Biopsychosocial
Interventions:
Therapeutic Neuroscience
Education
e Patient specific

Neural desensitization:
e Neurodynamic gliders=>
tensioners
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Table 1. Description of treatment algorithm used in the study. (continued)

Lack of Neuromuscular Control

e DL Hip hinge - SL hip hinge -
SL step back - SL slider
Posterior lunge-> Posterior
lunge Sagittal Plane

Frontal Plane

Lack of Neuromuscular Control

Interventions: Interventions: Interventions:
Functional Movement Transverse Plane: Hip IR/ER Graded exercises and activities
e DL hip hinge-» DL squat-> e MWAM pain free hip ROM-> e Patient specific

Anterior step up/down - SL Supine hip multi-angle

squat isometrics—> Side lying hip

IR/ER at 0° & 90°-> Standing
Hip IR/ER on stool-> SL
balance hip IR/ER

e  Prone hip extension->
Bridging-> % stand hip ext.

e Side lying hip abduction-> SL
balance with knee at 0°, 30°,
& 60°-> SL balance with hip
abduction-> Side stepping->
Lateral lunges

PT — Physical Therapy; NPRS — Numeric Pain Rating Scale; IHOT-33 — International Hip Outcome Tool — 33;
ADLS - Activities of Daily Living; C/R — Contract Relax; MWM — Mobilization With Movement; AP — Anterior to
Posterior; PA — Posterior to Anterior; PRICE — Protections, Rest, Ice, Compression and Elevation; PROM —
Passive Range of Motion; AAROM — Active Assisted Range of Motion; AROM — Active Range of Motion; EO —
Eyes Open; EC — Eyes Closed; DL — Double Limb; SL — Single Limb; IR — Internal Rotation; ER — External Rotation

Biopsychosocial

flexion) for hip internal rotation (IR) and external
rotation (ER). Hip extension was estimated visu-
ally using a categorical scale of less than 0 degrees,
less than 15 degrees, and greater than 15 degrees.
Hip abduction, IR and ER strength were assessed,
dependent on symptom irritability, using a hand-
held dynamometer (MicroFET2, Hoggan Health
Industries, Salt Lake City, UT). The average of three
trials was recorded. Positioning for abduction was in
sidelying, and IR and ER in sitting.>* Muscle length
and flexibility assessment included Ely’s, modified
Ober’s, Thomas, piriformis, and FABER tests,?* >
which were scored as either positive or negative. A
positive test was defined as asymmetry compared
to the contralateral side or reproduction of compa-
rable symptoms.? Finally, joint provocation testing
(FADIR, Scour, and log roll) were performed only
when symptoms were not exacerbated during single
plane ROM or flexibility testing. If symptoms were
already provoked during single plane ROM or flex-
ibility testing, it was reasoned that provocative tests
would also replicate symptoms. As these tests dem-
onstrate higher sensitivity than specificity, further
provocation would have added no additional diag-
nostic information.?>*

Clinical Reasoning for Categorization and
Treatment Components

By considering individual impairments and move-
ment dysfunctions, treatment selection was matched
to classification along the continuum. This allowed
prioritization of interventions directed at mobility
or neuromuscular control components, while simul-
taneously considering joint, soft tissue, or pain as
primary contributors to the subjects’ movement
dysfunction. The fundamental component guid-
ing examination and interventions was tissue irri-
tability and its relationship to movement barriers
(joint, soft tissue, or pain).>>*® Irritability has been
previously described as the real time pain response,
determined by the intensity of a physical activity
required to produce comparable symptoms, and then
the amount of time elapsed before those symptoms
resolve.*>® For these subjects, pain was not the only
component of irritability but consideration was also
given to how tissue irritability might impair muscle
function and/or kinesthetic awareness during func-
tional movement. Multiple subjective factors were
considered when determining the level of irritabil-
ity, including the subjective examination and self-
reported outcome scores. Furthermore, irritability
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STUDY FLOW CHART
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Figure 2. Study Flow Chart
Abbreviations: PT - Physical Therapy

Table 2. Demographic data.

Gender (# Female/total sample)
Age (years)
Body mass index (kg/m?
Duration of current episode (months)
Symptom factors (positive results/total sample)
Clicking/popping
Pain with twisting
Pain with adduction
Pain with internal rotation
Pain with flexion
Imaging (positive results/total sample)
CAM morphology
Pincer morphology
Labral tear

5/6

37.8+15.4
23.2+£6.86
26.0 +23.6

2/6
2/6
3/6
3/6
5/6

3/6
2/6
2/6

mean values * standard deviation.

Age, Body mass index, duration of current episode, and prior episodes of hip pain are presented as

guided the vigor of the objective examination, and
was continually refined based upon the patient'’s
response to the physical examination. For example,
if irritability was low, and active ROM (AROM) was

relatively asymptomatic, then joint overpressure
was applied in order to ascertain the qualitative bar-
rier to movement, such as soft tissue or joint. How-
ever, if irritability was high, and AROM reproduced
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Table 3. Descriptions of outcome measures used in the current study.

Outcome Measure

Description

Psychometric Properties

Medical Screening
Questionnaire
(MSQ)
International Hip
Outcome Tool — 33
(iHOT-33)

Numeric Pain Rating
Scale (NPRS)

Pain Catastrophizing

Includes questions to explore medical problems
that may pose a contraindication to treatment or
medical referral.

Designed for young or active patients with hip
pathology, consists of four sections including:
symptoms and functional limitations, sports
function and recreational activities, job related
concerns, and social, emotional and lifestyle
concerns. The 33 questions each use a visual
analog scale to quantify the individuals function
where the highest score of 100 represents full
function.

Utilized to quantify subjective pain intensity. A
0-10 numeric pain rating scale ('0' indicating no
pain, and '10" worst imaginable pain).

Measures the extent to which people
catastrophize in response to pain. 13-item

None

Construct validity (correlation
coefficient = 0.81)

Reliability (ICC = 0.78,
Cronbach a = .99)

MCID 6.1 points

Test-retest reliability

MCID 2 points

Internal consistency and
Construct validity

Scale (PCS)
patient-report scale, with three sub-scales

(rumination, magnification and helplessness),
each item is scored from 0 ('not at all') to 4 (‘all
the time'). Higher scores indicating greater
catastrophizing.

MDC 9.1 points

A body diagram will be completed to identify None

the location and nature of symptoms.

Pain Diagram

The GROC questionnaire is utilized to assess
short term changes in quality of life. The GROC
has a 15-point scale with high scores
representing greater improvement in a patient’s
perception of quality of life.

Global Rating of MCID more than 3 points

Change (GROC)

The PSFS was used to quantify subjective
improvements in the patient’s functional goals.
Validation of this tool has not been specifically
performed for the hip, however, validity and
reliability has been demonstrated in
musculoskeletal conditions such as the knee,
lumbar spine, and cervical spine.
Abbreviations: ICC — intra-class correlation coefficient; MCID — minimum clinically important
difference; MDC — minimal detectable change

Patient Specific MCID 2.3 points
Functional Scale

(PSFS)

single leg balance tests, were not asked to per-
form a lateral step-down test.

symptoms, then overpressure was not applied, and
ROM was deemed limited by pain. Similarly, if pain
was elicited with muscle activation, formal strength

testing was not performed. o Rationale: With the inability to perform

double limb dynamic squat task without
pain, and insufficient control with static sin-
gle limb task, it is highly unlikely the prereg-
uisite neuromuscular control for a single leg
dynamic task was present.

As previously mentioned, the vigor of examination
was matched with symptom provocation and irri-
tability. The key elements guiding the decision to
progress or hold on further objective testing were as

follows: ) )
¢ ROM assessment: If passive single plane ROM

reproduced symptoms, then multi-plane assess-
ment and provocative tests were not performed

e Movement Assessment: Individuals with a
symptomatic double limb squat, who then failed
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Table 4. Individual subject presentations along a continuum of neuromuscular control and mobility

IMpairments.

Mobility - Neuromuscular Control

Description

Mobility Patient 1

- 90° femoral angle

Mobility Patient 2

Mobility Patient 3

-110° femoral angle

Neuromotor
Control Patient 3

- 40° femoral angle

Neuromotor
Control Patient 2

Low: Low pain with activity (NPRS <3/10) relieved as fast as aggravated. Higher level activities aggravate. Low disability levels: IHOT-33 >65%
Moderate: Moderate pain (NPRS 4-7/10) that lingers longer than aggravation time. Moderate level activities aggravate. Moderate disability levels: IHOT-33~64-36%
Severe: Significant pain (NPRS >8/10) and difficulty to relieve symptoms. Low level activities such as ADL’s aggravate- High disability levels: IHOT-33 >35%

*Indicates clinical sign used for reassessment and clinical decision making for classification throughout patient care.

Neuromotor
Control Patient 1

tIrritability Moderate to low Low Low-Moderate Moderate Low Low
Level:
0/10 at rest 0/10 at rest 0/10 at rest 1/10 at rest 0/10 at rest 0/10 at rest
Pain 6/10 with activities 3/10 with activities 4/10 with activities 7/10 with activities 3/10 with activates 4/10 with activities
Outcome THOT-33: 54% THOT-33: 32% THOT-33: 41% THOT-33: 46% THOT-33: 65% THOT-33: 73%
Measures PSFS: 4/10 PSFS: 7/10 PSFS: 2/10 PSFS: 5.7/10 PSFS: 3.6/10 PSFS: 5.6/10
Lumbar Clearing

- Flexion *Restricted mulit- *Excessive motion *Aberrant *Multiple movement
- Extension Unremarkable Unremarkable segmental flexion with multi-segmental movement with abnormalities in
- Rotation examination examination with inability to flexion multi-segmental multi-segmental

touch toes extension extension & rotation

Kinesthetic Awareness
-Single leg
balance EO >30 seconds >30 seconds >30 seconds >30 seconds >30 seconds >30 seconds
-Single Leg >30 seconds *<10 seconds *< 10 seconds *< 10 seconds >30 seconds *<10 seconds
balance EC
-Dynamic >30 seconds *Unable *Unsteady *Unsteady *Unsteady *Unsteady
balance
Functional Assessment

-Squat test *-25° tibial angle Full pain free squat *-25° tibial angle *- 2° tibial angle Full pain free squat = Full pain free squat

Lateral Step- *Involved: 4/6 Not tested *Involved: 5/6 *Involved: 5/6 *Involved: 3/6 *Involved: 4/6
Down Score Uninvolved: 1/6 Uninvolved: 4/6 Uninvolved: 5/6 Uninvolved: 0/6 Uninvolved: 4/6
Hip Range of Motion (degrees)
-Flexion Inv.  Uninvolved Inv.  Uninvolved Inv.  Uninvolved Inv. Uninvolved  Inv.  Uninvolved Inv.  Uninvolved
*105 120 *110 120 130 130 *105 110 140 140 130 130
-IR at 90° hip
flexion *15 45 *48 55 48 50 42 40 55 50 45 45
-ER at 90° hip
flexion *50 60 *38 45 *47 72 *70 55 *45 60 65 65
-IR 0° *15 40 *35 40 60 60 42 40 *60 55 full full
-ER 0° 55 50 40 40 *30 55 45 50 *40 55 full full
Flexibility Testing
Anterior Pain-free & equal *Pain & limited with Pain-free & equal Ely’s non-painful &  Pain-free & limited Normal
-Ely’s & limitation Ely’s testing limitation limited. *Thomas
Thomas painful & limited
Lateral Pain-free & equal Not tested due to + Pain-free & equal Pain-free & limited *Painful & limited Normal
-Ober’s Test limitation Ely’s test limitation
Posterior Not tested due to Normal *Painful & limited Pain-free & limited *Painful & limited *Painful & limited
-Piriformis test pain w/ isolated
flexion & IR/ mod
irritability
Medial Hip Not tested due to Not tested due to *Pain with excessive *Painful & limited Not tested due to Non-painful &
-FABER test limited hip ER at 90°  limited hip ER at 90° motion limited hip ER at bilateral limitation
already already 90°
Hand Held Mild weakness in Weakness in IR, ER Weakness in IR Asymptomatic & Symmetric & pain Not tested due to
Dynamometer abduction & hip abduction symmetric free pain with activation
Imaging Mixed CAM & Mixed CAM & Pincer impingement CAM deformity CAM deformity & Several cystic
pincer impingement  pincer impingement anterior labral tear changes resembling
with a small anterior a CAM deformity
labral tear
Intervention -Global Moderate to  -Anterior & medial -Posterior Moderate  -Soft tissue -Soft tissue -Kinesthetic
focus high grade joint Moderate to high to high grade joint techniques to anterior ~techniques to awareness
-All patients mobilizations grade joint mobilizations hip/thigh posterior hip/thigh -Transverse plane re-
progressed to - Frontal plane hip mobilizations -Soft tissue -Kinesthetic -Kinesthetic education using
functional strengthening -Soft tissue mobilizations to awareness awareness Mobilization with
activity mobilizations to posterior hip -Transverse plane re-  -Transverse plane re- movement mobs and
anterior-medial hip -Kinesthetic education using education using exercise
-Kinesthetic activities Mobilization with Mobilization with -Required further
activities -Transverse plane movement mobs and  movement mobs and  progression to power
-Transverse and muscle re-education  exercise for pain-free  exercise for activities
Frontal plane muscle activation endurance.
re-education
fIrritability Level:

IHOT-33 - International Hip Outcome Tool — 33; PSFS — Patient Specific Functional Scale; IR — Internal Rotation; ER — External Rotation; Inv. — Involved; EO — Eyes Open; EC —
Eyes Closed; NPRS — Numeric Pain Rating Scale
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o Rationale: Increasing PROM into multiple
planes increases tissue strain and the poten-
tial for further aggravation of symptoms
without providing additional information.
Moreover, in order to optimize treatment,
aggravation of symptoms was minimized.
Provocative tests of the hip include multi-
plane joint assessments as demonstrated
by the FADIR (Flexion, Adduction and IR
planes), Scour (Dynamic overpressure
applied to FADIR positioning) and FABER
(Flexion, Abduction, and ER).

e Flexibility Testing: If Ely’s test in prone (assess-
ing predominately anterior hip and thigh struc-
tures) was positive, a progression to Thomas and
modified Ober’s tests were not performed.

o Rationale: The progression to Thomas would
be the same as with Ely’s, with the addition
of hip extension, to further stress anterior
hip and thigh structures. Similarly, modi-
fied Ober’s test includes the components of
Thomas and then further stresses the struc-
tures of the lateral thigh with adduction.

e Strength assessment: If AROM was provocative
formal strength assessment was not performed.

o Rationale: If symptoms were provoked with
gravity dependent AROM then additional
resistance is not indicated as this would poten-
tially invalidate further strength assessment.

As the examination was guided by the level of symp-
tom irritability, the clinician would simultaneously
distinguish the foremost limiting factor for normal
movement as either joint, soft tissue, or pain. For
ROM, this was achieved by appreciating reproduc-
tion of symptoms and the qualitative barrier to
movement with passive overpressure. For example,
a hard, bony, end feel with overpressure was associ-
ated with potential alterations in joint morphology.
Additionally, if the quality was more compliant and
elastic, soft tissue (muscular or capsular) was rea-
soned to be the limiting factor. Interventions could
include mobilizations or stretching for joint and
soft tissue respectively. On the contrary, pain was
considered the primary restriction to movement if
symptoms limited the ability to reach an end feel.

Limitations due to pain would be treated with AROM
exercises and gentle joint mobilizations (grade I - II)
for pain modulation. Both nociceptive and biopsy-
chosocial inputs were recognized as influential on
the pain presentation. Skilled interventions require
the recognition of all contributing biomedical and
biopsychosocial components, discussion of which is
beyond the scope of this paper. However, a recent
study suggested examining five relevant “drivers” of
pain to appropriately direct treatments (nociceptive,
nervous system dysfunction, comorbidity, cogni-
tive-emotional, and contextual).”’

Finally, comprehensive assessment of objective
examination findings helped determine whether
movement dysfunctions were predominately due to
lack of mobility/tissue extensibility or a lack of neu-
romuscular control. For instance, if squat depth was
limited by pain, but isolated joint ROM was full and
asymptomatic, neuromotor control was considered
the limiting factor and the movement dysfunction
would be categorized under neuromuscular control.
If the greatest number of impairments were related
to ROM, subjects were placed on the mobility end
of the continuum and treatment was prioritized to
address those primary limitations. If during func-
tional movement tasks, alterations were observed
in dynamic control or postural stability, subjects
were placed toward the neuromuscular control end
of the continuum and treatment prioritized neuro-
muscular control. In individuals with elevated pain
and high irritability, it may be difficult to determine
best placement along the neuromuscular control or
mobility spectrum. Thus, treatment of pain (whether
primarily influenced by nociceptive input and/or
psychosocial factors) was the first priority. Thus,
continual reassessment was performed through plan
of care, during each visit.

CASE SERIES DESCRIPTION AND
TREATMENT

Three of the six subjects were classified with primary
mobility limitations based upon interpretation of
examination findings. Clinical presentation in these
subjects suggested a primary mobility dysfunction,
based on limited ROM either at the joint or limited
extensibility of surrounding soft tissues, with con-
tributing weakness and poor neuromuscular control.
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Similarly, three subjects had primarily neuromuscu-
lar control dysfunctions, based on aberrant lumbo-
pelvic movement, impaired kinesthetic awareness
and poor control with functional testing. Further-
more, these subjects presented with normal or even
excessive joint ROM in most planes of movement.
Despite relatively normal joint ROM, flexibility was
variably limited, suggesting other structures in the
lumbosacral region or extra-articular structures of
the hip might be involved.

Treatment prioritization was then matched with
patient categorization on the treatment continuum,
as well as directing interventions towards the pri-
mary movement barrier being either joint, soft tis-
sue or pain. The first goal of treatment was to restore
pain free AROM followed by full PROM and over-
pressure in a single plane then moving to multiple
planes. Treatment choice was determined by the
therapist’'s appreciation of which structures were
predominately influencing nociceptive input, as
described above.

When predominant joint mobility restrictions were
identified, joint mobilization and self-mobilizations
techniques were utilized to address specific, directional
impairments. The vigor of treatment was matched to
the patient’s tissue irritability. Low grade (I or II)
mobilizations were implemented for pain reduction
in subjects with higher tissue irritability, while high
grade (III - V) mobilizations, to improve full pain
free ROM, in those with lower tissue irritability. If
the barrier to movement was soft tissue, techniques
included both hands on and instrumented assisted
soft tissue mobilizations and were complimented with
contract-relax stretching in order to improve pain free
soft tissue mobility.

In subjects with primary neuromuscular control
deficits the initial goals were to restore normal kin-
esthetic awareness to the joint. If pain was provoked
with mid to end range functional movements, and/
or isolated joint ROM was normal, yet, symptomatic
with overpressure, then mobilizations with move-
ment were utilized to gain full, pain free ROM. Exer-
cise selection was determined by best matching
the exercise to the patient and their ability to suc-
cessfully complete the task without provoking last-
ing symptoms. Modification was made via patient

positioning and visual assistance. Progression was
then made to dynamic control and functional move-
ments. If subjects were symptomatic with activi-
ties of daily living, such as sit to stand, education
on activity modification was provided to alter/limit
activities until asymptomatic.** For example, using
hands to assist with sit to stand, or to avoid sitting
on low surfaces. When objective loss of strength was
present, exercise selection was determined by a sub-
ject’s ability to complete pain-free muscle specific
contractions starting with isometric to eccentric then
concentric. When indicated by pain-free strength
testing and functional movement, progression to
power and plyometric exercises were implemented.
Tissue irritability was a guiding factor for appropri-
ate selection, frequency, duration, and intensity of
interventions.>*>>%

OUTCOMES

From initial visit to discharge, iHOT-33, NPRS, PSFS,
and GROC all improved, exceeding the MCIDs (Table
5). This improvement correlated with changes noted
in each patient’s objective data at discharge. Single
limb balance with eyes closed, dynamic single limb
balance, and lateral step-down tests (consistent

Table 5. Mean scores (+ /-standard deviation) of

outcome Measures.

Outcome Measure Initial Discharge Change*
IHOT-33 51.88+19.3% 83.16+x17.2%  27.30%
(64 points)
PCS 10+9.71 2.6%2.51 7.2
GROC 5.8
NPRS
Current 1.5+1.57 0.2+0.44 2.3%
Best 1.6+2.23 010 3.5%
Worst 4.6+3.39 3+2.12 2.6*
PSFS 4.7+2.09 8.5%0.83 3.8
ROM (degrees)
Flexion 122+16.0 138+7.58 16
IR at 90 degrees 41.0%+15.3 50.0+13.2 9
ER at 90 degrees 55.4+11.3 63.6+3.51 8.2
IR at 0 degrees 44.31+21.3 53.8+12.5 9.5
ER at 0 degrees 42.5+10.4 50.0+7.07 7.5
Strength (lbs)
IR 21.7+6.15 31.9+9.62 47.2%
ER 19.5+7.92 23.316.66 19.7%
Abduction 27.3+6.08 37.9+4.87 38.7%
IHOT - 33 —international hip outcome tool; PCS — pain catastrophizing
scale; GROC - global rating of change scale; NPRS — numeric pain rating
scale; ROM - range of motion; IR — internal rotation; ER — external
rotation.
*Change in pain scores excluded individuals whose pain was a 0
initially and at discharge for any of the timeframes.
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findings in the neuromuscular control impaired sub-
jects) were all improved after treatment. By the final
visit, all functional tests were symmetrical and did not
reproduce symptoms. ROM and strength improved on
the involved side in all directions. Finally, a two-year
review of patient records indicated that no patient
had elected surgical management during this time.

On average subjects improved over the course of
8.6 visits (range: 5 - 11 visits) and duration of 81.4
days (range: 68 - 91 days). Median healthcare costs
associated with management of each patient was on
$12,215 US dollars. Median expenditure was as fol-
lows: diagnostic measures consisted of 65% of the
overall costs, imaging accounted for 43% ($5,199)
and injection procedures accounted for 22% ($2,685)
of the total. Patient management including physical
therapy was 18% of the total cost ($2,242), with other
medical office visits including primary care appoint-
ments associated with the hip diagnoses were 7%
($863) of the total. Other expenses included dura-
ble medical equipment, labs and chiropractic vis-
its, which were less than 1% of total cost for each
subject.

DISCUSSION

This clinical reasoning model and proposed interven-
tion algorithm demonstrated meaningful improve-
ment in pain, functional impairments, and perceived
improvement in all six subjects. This approach relies
on appropriate identification and placement of patient
specific movement dysfunctions on a continuum to
appropriately match specific treatment. Interventions
were then directed to relevant factors limiting move-
ment (pain, joint or soft tissue) and guided by tissue
irritability. Although surgical criteria vary,®? the sub-
jects described were all considered surgical candidates
by their managing surgeon. The improvements seen
corroborate recent guidelines suggesting value with a
a physical therapy first approach.' >

The precise etiology of intra-articular pathology
in FAIS is still unclear, although it appears to be
multifactorial 2371717262931 Because of this, empha-
sis should be placed on individualized treatment.?
There are, however, some common factors under-
lying intra-articular disease processes that can be
targeted with conservative interventions. Mobil-
ity and mneuromuscular control components will

be discussed individually. First, consideration will
be given to the evidence-based framework for this
proposed continuum. Next, examining how patient
presentations (impairments and functional move-
ments) varied along the continuum. Finally, rel-
evance of imaging/medical components will be
considered.

MOBILITY

Abnormal joint mobility can contribute to symp-
toms.'>?%%758 This could be due to congenital factors,
microtrauma or macrotrauma,>? or an interactive
process involving alterations in both mobility and
neuromuscular control.'>!6305960 Regardless, in sub-
jects with imaging findings suggestive of FAIS/ALTS,
abnormalities have been identified in sagittal, frontal
and transverse plane ROM in those with symptoms
compared to asymptomatic.®>?0262758  Alterations in
joint ROM and muscular recruitment patterns can ulti-
mately lead to concentrated areas of abnormal stress
along the capsuloligamentous and articular struc-
tures.*#>2961-63 T jkewise, excessive joint mobility can
lead to aberrant loading of joint structures,'”2429:30.59,60
These findings might imply that mobility restric-
tions have multiple etiologies and contributing com-
ponents, which need to be prioritized and addressed
specific to the unique needs of the patient.

The subjects in this case series demonstrated joint
ROM abnormalities in at least one plane of motion.
The three subjects with primary impairments of
mobility presented with more global reduction in
joint ROM, with varying degrees of severity. As ROM
decreased, the need for neuromuscular control to
compensate also decreased, leading to less difficulty
controlling single leg functional and kinesthetic
awareness tasks. This was seen most notably in the
first patient categorized with a hypo-mobility dys-
function (Table 4). In contrast, the neuromuscular
control subjects presented with more complex ROM
abnormalities. One had increased joint ROM into
flexion and ER, another had decreased flexion and
increased ER, while the final exhibited a mixed pat-
tern of hypermobility in flexion and IR, with limited
ER. Isometric strength in the mobility subjects var-
ied, with mild deficits in abduction for one, and more
diffuse weakness on the involved side for another.
Poor functional movement and neuromuscular
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control were a consistent finding in all subjects. The
mobility subjects responded well to interventions
targeting an increase in mobility with an eventual
transition to neuromuscular control. Continual reas-
sessment of the patient’s impairments is important
to monitor the change in patient’s symptoms and
continue to individualize treatment selection as
they evolve over the course of care.

When considering symptomatic intra-articular dys-
functions, imaging should be put into context with
information about joint mobility. It seems reason-
able that imperfectly shaped joints may put individ-
uals at risk for FAIS and ALTS, however, the presence
of concomitant mobility dysfunctions may be nec-
essary for symptom provocation.®!6:26:30316064 Tyyg
of the three subjects with primary impairments in
hip mobility had imaging findings indicating ele-
ments of a mixed-type impingement. These mor-
phological changes corroborated with the observed
loss of ROM clinically. However, the third mobility
patient had a pincer deformity which did not seem
to align with the isolated ER ROM deficits observed
clinically. Additionally, the patient with the greatest
amount of mobility (considered hypermobile) had
a cam deformity with a labral tear. These findings
support prior evidence suggesting sole reliance on
imaging is insufficient for valid identification of the
nociceptive source.'® For example, radiographs dem-
onstrating cam morphology combined with clinical
loss of IR were more effective in predicting progres-
sion to OA than imaging alone.®* Furthermore, it
was recently shown that lower mental health scores
(Veterans RAND 12-item, mental component score)
had a stronger association with symptoms than
imaging in subjects with intra-articular pathology.%
Morphology should be considered but interpreted
within the context of the clinical examination and
patient presentation. It is possible that both a hyper-
mobile and hypomobile joint will have underlying
aberrant morphology and be at greater risk for pro-
ducing symptoms.320:26:29,58

NEUROMUSCULAR CONTROL

Joint movement is inextricably linked to the sur-
rounding muscle activity.!s7242659  Additionally,
the neuromuscular system functions as a critical
source of central nervous system input, where a

tremendous amount of information is processed,
including joint proprioceptive information which
determines motor output.'®%-% When articular
structures are damaged, neuromuscular control
needed to stabilize the joint may increase.>?%3"%
Articular damage could be a result of microtrauma
or macrotrauma, or could involve the components
of joint hyper- or hypo-mobility dysfunctions pre-
viously discussed.>*®*% As joint damage occurs,
the demand for muscular stability increases, while
a concomitant reduction in neuromuscular con-
trol ensues as sensory input is altered.??**%% Other
factors may also be responsible for reductions in
neuromuscular control such as effusion, pain inhi-
bition, muscle weakness, and poor central pro-
cessing.>626:596670-74 Furthermore, the long duration
of symptoms before an appropriate diagnosis can
increase the likelihood of developing neuromuscu-
lar control dysfunction, with evidence suggesting
that central nervous system changes such as motor
cortex re-organization are typical with persistent
symptoms.>¥6675  Although surgical interventions
can improve symptoms and morphology, functional
impairments can persist 18 to 24 months or longer
after arthroscopy.® Unless the neuromuscular con-
trol dysfunction is addressed and movement patterns
corrected, it is possible that symptoms may become
persistent and recurrent.B,lG,l7,20,22,24,26,30,58,59,66,72,76,77 ThuS,
individual symptoms could be primarily due to motor
control dysfunctions, joint mobility dysfunctions, aber-
rant morphology, or perhaps are better conceptualized
as an interactive combination of all three.>®

Subjects in this case series consistently demonstrated
poor neuromuscular control, with all but one having
poor kinesthetic awareness with single limb balance
eyes closed tests, and all having poor control with
the lateral step-down test (Table 4). Aberrant move-
ment identified with multi-segmental screening was
common and was increasingly prominent the more
the subject presented with neuromuscular control
dysfunctions. Strength deficits varied in both groups.
However, normal strength did not seem to deter-
mine normal functional movement, as symmetrical
strength was observed in some subjects, despite asym-
metrical functional movements. Although functional
movement was improved by the final visit in most
subjects, some deficits were still noted with many of
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the functional tasks. These differences were present
despite improvements in ROM and strength, suggest-
ing the presence of a complicated neuromuscular
control dysfunction. The neuromuscular control sub-
jects improved with interventions targeting muscle
extensibility, muscle activation patterns, propriocep-
tive/kinesthetic training and eventual transition to
more demanding functional neuromuscular control
tasks. The question still remains as to whether well-
developed movement interventions may prevent or
assist in management of symptomatic intra-articular
pathology long term.** Perhaps, treatment compo-
nents should consider a spectrum of both mobility
and neuromuscular control dysfunctions among indi-
vidual subjects.

Although more difficult to conceptualize based on
morphology alone, all subjects demonstrated improve-
ments in function, pain, and movement control regard-
less of cam/pincer morphology or presence of ALTS.
Perhaps the improvements in joint ROM, muscular
strength and control of functional movements helped
to slow the progression of intra-articular damage. One
key argument for surgical intervention is to prevent
the onset of osteoarthritis (OA).>'°”® However, exer-
cise and joint movement can also slow down clinical
progression of OA.812647L7879 Tf morphology predicts
OA progression, yet OA responds well to conservative
management, could FAIS also respond to conservative
care?® A better understanding of effective non-surgi-
cal treatments is needed, and the approach described
in this case series should be validated for effectiveness
in larger scale prospective trials.

NUMBER OF VISITS AND COST ANALYSIS

With rising healthcare costs, it is relevant to ask
if the proposed clinical reasoning and treatment
continuum resulted in timely and cost-effective
patient outcomes. Subjects improved on average
over the course of 8.6 visits and 81.4 days, com-
pared to five to 16 visits spanning 35 to 112 days in
other reports.16-182223808 The median cost for each
patient’s physical therapy was $2,242 in the present
series. In contrast, this is far below the estimated
$9,000 a recent study predicted would be necessary
for the definitive management of FAIS.' Similarly,
the entire mean cost of physical therapy care was
less than the typical $2,456 dollars required to make

a diagnosis.® With 65% of the costs being diagnos-
tic in nature (i.e. imaging and diagnostic injection),
perhaps physical therapy could be considered ear-
lier in the treatment plan? Especially, as intra-artic-
ular injection is thought to have limited therapeutic
benefit in isolation.?*® Imaging and injections could
potentially be postponed and utilized only if physi-
cal therapy management was unsuccessful.

FUTURE DIRECTIONS

Despite the large number of proposed contributors
to intra-articular pathology, surgical management
has been the predominating focus.”® Abnormal mor-
phology provides a simple construct that lends itself
well to the idea of surgical correction.!®!7:1926:29,31,69
Howepver, the high prevalence of abnormal morpho-
logical findings in asymptomatic individuals sug-
gests the problem is more complex.*%479848 Similar
patterns have been seen previously, aberrant shoul-
der and knee morphology lead to an exponential
increase in invasive treatments which had not yet
been established in the literature as more helpful
than less invasive interventions.®?*° Therefore, pro-
viders must reason through how morphology, col-
lectively with mobility and neuromuscular control
impairments, can be addressed effectively with non-
surgical treatment approaches.!®17:26:29

The goal of this case series was to present an interven-
tion program that is pragmatic, and easy to conceptu-
alize and implement in clinical practice. While only
one clinical trial comparing surgical to non-surgical
interventions exists,* the results remain inconclu-
sive. Several other trials are due to be completed in
the near future, and will likely provide more insight."*
Regardless, more research is needed to guide clinical
decision making, and until then, current evidence
suggests conservative management may be effective
in treating individuals with intra-articular pathology
and should occur prior to surgical interventions.

LIMITATIONS

The small sample size in this case series limits the
generalizability and conclusiveness of the interven-
tion approach utilized. Patient follow up was limited
to two years, and only two out of the five discharged
subjects directly responded to a request for a six-
month follow up. Finally, it is possible the benefits
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may have been from a combination of therapy in
addition to corticosteroid injection, or simply from
the injection. However, evidence suggests injec-
tions are not long term solutions®? and unlikely
to address the movement and control dysfunctions
present in these subjects.

CONCLUSIONS

The etiology of symptomatic FAIS and ALTS is tradi-
tionally attributed to morphological abnormalities.
However, based on the presence of these abnormali-
ties in asymptomatic individuals, it appears the diag-
nosis and treatment of intra-articular pathology is
more complicated. Treatment should focus on the
individual patient, how their impairments may con-
tribute to their symptoms and emphasize continual
reassessment. Categorizing patients into initial treat-
ment groups, based upon the proposed continuum of
neuromuscular control and mobility deficits may help
to facilitate treatment based clinical decision making.
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